Floral scent headspace collection and analysis. Scent was collected from flowers using dynamic headspace sorption methods (8, 11) . Living flowers in field populations were enclosed in transparent vinyl oven bags (Reynolds®, Reynolds Kitchens. Richmond, VA, USA) cinched at 500 mL volumes with plastic ties. Portable diaphragm pumps (10D1125, Gast Manufacturing Inc., Benton Harbor, MI, USA) were used to pull fragrant headspace air through sorbent cartridge traps at a flow rate of 500 mL/min. Traps were constructed by packing 100 mg of Super Q adsorbent (mesh size 80-100, Alltech, Deerfield, IL, USA) in borosilicate glass tubes (7 mm) plugged with silanized glass wool. Scent collections began at anthesis (near sunset) and continued overnight for up to 12 h. Six to twelve replicates of floral volatiles were collected from similar number of plants for each flower species.
2 ) for intercepting light-attracted moths. When a M. sexta landed on the white sheet, the moth was trapped with a butterfly net, sexed, and transferred to a fiberglass-net cage. Only male moths were kept for later behavioral experiments conducted the next evening, and were maintained at 85% RH and 27° C until testing.
To determine which plant species M. sexta moths visit for nectar-feeding, we removed the pollen carried by captured moths by slowly unrolling the proboscis and rubbing a small cube PNs (see (26) ). GC-EAD and SSR recordings provide information for how the moth periphery processes floral scent and single components -GC-EAD is used to identify compounds in the floral bouquet while olfactory receptor cell responses to floral extracts and single compounds is screened using SSR. Together, these electrophysiological methods allow for the identification of bioactive compounds in a complex floral scent and how this information is processed at the peripheral and central levels.
Adult male M. sexta were reared in the laboratory on an artificial diet (3) under a longday (17/7 hr light/dark cycle) photoperiod and prepared for experiments 2-3 d after emergence (27, 28) . In preparation for recording, the moth was secured in a plastic tube with dental wax, leaving the head and antennae exposed. The head was opened to expose the brain, and the tube was fixed to a recording platform attached to the vibration-isolation table. The preparation was oriented so that both ALs faced upward, and the tracheae and sheath overlying one AL were carefully removed with a pair of fine forceps. The brain was superfused slowly with physiological saline solution (in mM: 150 NaCl, 3 CaCl2, 3 KCl, 10 N-tris [hydroxymethyl] methyl-2 aminoethanesulfonic acid buffer, and 25 sucrose, pH 6.9) throughout the experiment.
Olfactory stimuli were delivered to the preparation by pulses of air from a constant air stream were diverted through a glass syringe containing a piece of filter paper bearing floral Filter settings (typically 0.6-3 kHz) and system gains (typically 5,000 -20,000) were software adjustable on each channel. Spikes were sorted using a clustering algorithm based on the method of principal components (PCs) (Off-line Sorter; Plexon, Dallas, TX, USA). Only those clusters that were separated in three dimensional space (PC1-PC3) after statistical verification (multivariate ANOVA; P < 0.05) were used for further analysis (6-18 units were isolated per ensemble; n = 67 ensembles in as many animals) (Fig. S7 ). Each spike in each cluster was timestamped, and these data were used to create raster plots and to calculate peristimulus time histograms (PSTHs), interspike interval histograms, cross-correlograms, and rate histograms. All analyses were performed with Matlab (The Mathworks, Natick, MA) and Neuroexplorer (Nex Technologies, Winston-Salem, NC, USA) using a bin width of 5 ms, unless noted otherwise.
For each unit sorted, PSTHs were generated for all responses to each odor stimulus and the control (solvent only) stimulus. The response windows were defined as the 100 ms period beginning at the onset of the 200 ms stimulus pulse and continuing in 10 ms bins to the following 200 ms odor pulse (10 s inter-stimulus interval). A unit was considered to be responsive if its control-subtracted PSTH was above (excitatory) or below (inhibitory) the 95% confidence limits derived from CUMSUM test. We quantified the control corrected response for every unit by Similarly, the Euclidean distances in behavioral responses between olfactory stimuli were determined. Behaviors included in this analysis were the mean percentage feeding responses, flower contact, flower diving, approach, close hover, upwind flight, average time of successful feeding response, number of proboscis extensions, and time spent feeding (Table S3) . Results from the multivariate analysis on the behavioral results produced Euclidean distances between pairs of odor stimuli, thus allowing direct correlation between the floral scent analysis, neural response and behavior. Note that, for clarity, the relationships between the different flower species are plotted in Principal Components coefficient space (Fig. 1C ), but statistical analyses were conducted using the Euclidean distances as calculated by Cluster analysis. Population data were calculated only within, not between, ensembles (9, 31) .
Gas chromatography linked with Electroantennogram Detection (GCEAD) and

Gas chromatography linked with Multi-channel Recording (GCMR).
In separate experiments, we used gas-chromatography (GC) coupled with electro-antennographic detection (EAD) and gas chromatography linked with multi-channel recording (GCMR) to identify compounds in the flower bouquet that can be detected by the hawkmoths. Both techniques provide a sensitive method for the identification of biologically-important volatiles (3, 9, 31, 32) .
For GCEAD experiments, the antenna from a single male moth was cut and connected to two glass-electrodes filled with conductive gel. The EAG signal was recorded by Ag-AgCl wires and pre-amplified (10x) with the probe connected to an amplifier (Neuralynx, Bozeman, MT, USA) Similar to GCEAD experiments, the effluant from the GC served to stimulate the preparation. In contrast to the EAD, however, multi-channel recording in the moth's antennal lobe provided the opportunity to determine how the GC effluant activated neural units in the moth's brain, as well as providing another technique to identify bioactive compounds in the flower scent owing to the high degree of convergence of olfactory receptor neurons into AL neurons (9, 31) . Briefly, a 16-channel silicon multielectrode recording arrays (a4×4-3mm50-177; NeuroNexus Technologies, Ann Arbor, MI, USA) is inserted into the AL and spiking data from 16 channels are acquired and digitized simultaneously at 25 kHz and then sorted and analyzed using standard methods (9, 31) . The GC signal and multielectrode waveforms are simultaneously recorded.
Simultaneous olfactory conditioning and ensemble recording experiments. For simultaneous learning and ensemble recording experiments, experiments were performed as described above and in (15, 33) , where the caudal end of the head capsule was opened and the piece of cuticle that is the attachment site of the pharyngeal dilator muscles is positioned forward and readhered to the headcapsule with myristic acid. The proboscis was extended and adhered to a piece of teflon tubing, 7-cm in length, that allowed movement and extension of the proboscis along its length and at the tip ( Fig. S3 ; Movie S1). Behavioral response to odor stimuli was determined by the percentage of proboscis movement response (PMR) between treatments, allowing for a conservative estimate of a learned response (Movie S1). This preparation allows full access to the exposed AL while having no effect on the moth's ability to feed normally.
We used a classic conditioning paradigm to examine the effects on AL neurons while the moth learned to associate an odor with a sugar reward ( Fig. S3; (33-36) ). Four experiments were performed: one conditioning, one discrimination, and two control conditions (n = 40 total moth preparations). In the forward-paired condition (n = 12 preparations; 135 neural units), the A. palmeri odor was delivered in a three second pulse. One second after odor onset, the unconditioned stimulus (US; 1 μL of 20% sucrose solution) was applied to the proboscis for ca. In contrast to the conditioning experiments, the first control group (n = 10 preparations; 113 neural units) consisted of stimulus trials as described above but without the sucrose reward, and the second control group (n = 10 preparations; 119 neural units) consisted of the A. palmeri odor stimulus being randomly paired (± 25 s) around the sucrose reward. The random-paired control group provides a means to provide the moths with the same number of odor stimuli (CS) and sugar rewards (US) as in the forward-paired group, but the temporal contiguity of the CS and US is lost (Fig. S3B) . Odor-evoked ensemble responses for each trial are analyzed as described above. forceps to allow solution passage. Pipettes were manually inserted into the center of each AL and 2 drops (mean diameter ± std: 82 ± 12.1 μm) were administered quickly in succession with a step pedal that controls the Picospritzer. After injection, the cuticle window was repositioned and sealed with myristic acid (Sigma) and the moth allowed to recuperate for 30 min before testing.
We previously found that drugs delivered in this manner do not diffuse into other regions of the brain, and that the saline-and vehicle-injected moths behave not statistically different from noninjected moths (26) .
Moths were injected with the octopamine receptor antagonists, Epinastine or Mianserine 
Histological identification of recording locations
To examine the location of the multi-channel recording probes, the brain was excised and immersed in 2% glutaraldehyde in 0.1 M phosphate buffer. Brains were fixed for 12 h, then dehydrated with a graded ethanol series, cleared in methyl salicylate, and finally imaged as whole mounts with a laser-scanning confocal microscope (Zeiss 510 Meta equipped with a 457 nm argon laser). Optical sections at 1 μm reliably revealed the tracks of the four multi-channel shanks in the AL (Fig. S7A, left) . The change in the behavioral response correlated with changes in the neural ensemble (left), with units responsive to either the CS+ or CS-both increasing their odor-evoked responses (right). Each unit in this ensemble is color-coded according to its response index, determined from its firing rate. (C) The change in the unit responses and the behavioral activity between the two scents was similarly reflected in the increasing separation of the two complex odors, as determined by the Euclidean distance. Asterisks denote a significant difference between learning trials (P < 0.01). Table S1 .
Flower-visitor associations. 
